References Marais, G.F., M. Horn, and F. Du Toit. 1994 (Table  1) , varying for alleles at the Puroindoline (Pin) loci controlling grain hardness. The pairs of isogenic lines contain either a null mutation at Puroindoline a (Pina-D1b) or a point mutation at the tightly linked gene Puroindoline b (Pinb-D1b). Either mutation causes hard kernel texture in wheat (Giroux and Morris, 1998) . Previous research has shown that Pina-D1a/Pinb-D1b genotypes are softer textured, produce higher fl our yield, and prod higher loaf volume than Pina-D1b/Pinb-D1a g al., 2001). The isogenic lines developed in th experimental material to study the basis for te differences in hard wheats.
The Pina-D1a/Pinb-D1b donor line was 'Ch spring wheat (Lanning et al., 2004) . Six ba to hard red spring wheat cultivars with geno D1a, including 'McNeal' (Lanning et al., 19 ning et al., 2000) , 'Outlook' (Lanning et a Hank was developed by Westbred LLC (Boze spring wheat cultivar 'Explorer' with genoty D1a (Lanning et al., 2002) was also used a Cultivars were used as the female parent in a ning with the BC 1 generations, progeny lines Pina-D1a/Pinb-D1b and Pina-D1b/Pinb-D1a w previously described primer sets (Martin et fi nal backcross, BC 6 F 2 individuals were select for Pina-D1a/Pinb-D1b and Pina-D1b/Pinb-D1 of the F 3 generation was grown in the fi eld in 2005, and F 4 seed was tested for grain hardn Kernel Characterization System 4100 (Perten America Incorporated, Springfi eld IL). Rows o
